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= English translation of: 

D7: JP-A-2-153903 

1. [TITLE OF THE INVENTION] 

PRODUCTION METHOD FOR HIGHLY WATER-ABSORBING RESIN 

2. CLAIMS 

[Claim 1] A production method for a highly water-absorbing 
resin, wherein a powdery water-absorbing polymer compound 
having a carboxyl group and/or a carboxylate moiety is 
treated with a cross-linking agent having two or more 
functional groups reactable with said water-absorbing polymer 
compound, in the presence of water and an ether compound. 
[Claim 2] The production method for the highly water- 
absorbing ■ resin according to . claim 1, wherein said ether 
-compound is diethylene glycol methyl ether, diethylene glycol 
ethyl ether, diethylene glycol diethyl ether, diethylene 
glycol diethyl ether, diethylene glycol dibutyl ether, 
propylene glycol methyl ether, propylene glycol ethyl ether, 
dipropylene glycol methyl ether, dipropylene glycol ethyl 
ether, tripropylene glycol methyl ether, and tetraethylene 
glycol dimethyl ether. 

3. DETAILED EXPLANATION OF THE INVENTION 
[INDUSTRIAL APPLICABILITY] 

The present invention relates to a production method for 
a highly water-absorbing resin, and in more particular, the 
present invention relates to an industrial production method 
for a water-absorbing resin having all of high water- 
absorbing rate, high water-absorbing amount and high gel 
strength. 
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[CONVENTIONAL TECHNOLOGY] 

A highly water-absorbing resin has been noticed and 
practically applied conventionally by a manufacturer of 
hygienic goods such as diapers , sanitary goods, as a liquid- 
absorbing material instead of pulp or water-absorbing paper , 
because of having astonishingly high water-absorbing amount, 
and excellent water-holding capability of never releasing 
water once absorbed, even under receiving some pressure, and 
in recent years, applications thereof have been expanding to 
agriculture, gardening, foods, medical and the like. 

Incidentally the highly water-absorbing ■ resin is 
required not only to have high water-absorbing amount but 
also capability of absorbing water rapidly. Accordingly, 
improvement is generally .carried out to still more enhance 
water-absorbing rate or the like by carrying out the- certain 
treatment to a water-absorbing resin. For example, there 
have been proposed various improvement methods for cross- 
linking the surface of powdery water-absorbing polymer 
particles with a cross-linking agent (refer to JP-B-59-6696, 
JP-A-58-42602, JP-B-61-48521, and JP-B-60-18690) . Any of 
these methods aims at obtaining a highly water-absorbing 
resin having high water-absorbing amount, as well as high 
water-absorbing rate, by making difficult generation of 
inter-particle aggregation and adhesion after swelling with 
water, by using suitable amount of a cross-linking agent to 
carry out surface treatment of particles so as to increase 
cross-linking density at the particle surface, as well as to 
prevent gelling at the particle surface at the initial stage 
of water absorption, so as to improve water-absorbing rate. 
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In these conventional methods for surface cross- 
linking, cross-linking was carried out by the addition of a 
cross-linking agent to a solution of a water-absorbing 
polymer compound dispersed in a volatile organic solvent such 
as methanol. 

[PLOBLEM TO BE SOLVED BY THE INVENTION] 

However, in the above conventional production methods, 
where a large quantity of an organic solvent is used as a 
dispersing medium, there was a problem of safety in operation 
due to danger such as fire, explosion. 

In addition, recovery of the organic solvent was 
required to prevent pollution such as water pollution, which 
provided a problem of increase in production cost. 

Incidentally, in Patent Literature disclosing the above 
production methods, there have been described possibility of 
obtaining a highly water-absorbing resin having high water- 
absorbing rate, by using a hydrophilic organic solvent such 
as methanol, ethanol, ketone, ethylene glycol, propylene 
glycol, glycerin, diethylene glycol, as a dispersing agent, 
however, according to a confirmation test by the present 
inventors, those having such excellent quality as disclosed 
therein could not be obtained. The present inventors have 
studied causes thereof, and as a result, found that in cross- 
linking treatment, particles of the water-absorbing polymer 
compound aggregate by themselves to make undissolved lump of 
flour and inhibit uniform cross-linking at the resin surface. 

The present invention has been proposed under the above 
circumstances, and it is an object of the present invention 
to provide a method for producing, in low cost and safely, 
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the water-absorbing resin having both high water-absorbing 
rate and high water-absorbing amount, as well as high gel 
strength, by uniformly cross-linking the resin surface. 
[MEASURES FOR SOLVING THE PROBLEM] 

In a method for producing the water-absorbing resin 
relevant to the present invention to attain the above object, 
by using an ether compound as a dispersing agent, aggregation 
of particles of the water-absorbing resin in cross-linking 
treatment was prevented, and they were uniformly dispersed to 
obtain the uniformly cross-linked particle surface. 

That is, a method for producing a highly water-, 
absorbing resin relevant to the present invention relates to 
a treatment method for a powdery water-absorbing polymer 
compound having . a carboxyl group and/or a carboxylate moiety 
with a cross-linking agent having two or more functional 
groups reactable with the water-absorbing polymer compound, 
in the presence of water and the ether compound. 

Explanation will be given below in detail on a 
production method relevant to the present invention. 

As the water-absorbing polymer compound used in the 
present invention, anyone may be used as long as it is a 
polymer having a carboxyl group and/or a carboxylate moiety, 
and includes, for example, a hydrolysate of a 
starch/acrylonitrile graft copolymer, a partially neutralized 
graft copolymer of starch/acrylic acid, a saponified 
substance of a copolymer of vinyl acetate/acrylic acid ester, 
carboxymethyl cellulose, a copolymer of isobutylene/maleic 
anhydride, a partially neutralized substance of polyacrylic 
acid, and a cross-linked substance of each of these polymers 
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or the like. A polyacrylic acid-type water-absorbing polymer 
compound, composed of a polymer or a copolymer having a 
monomer unit of acrylic acid or an acrylate salt, in the main 
chain, is particularly preferable. 

As such a polyacrylic acid-type water-absorbing polymer 
compound, 'composed of a polymer or a copolymer having a 
monomer unit of acrylic acid or an acrylate salt, in the main 
chain, for example, polyacrylic acid, polyacrylate . salt, a 
copolymer of acrylic acid and an acrylate salt or the like is 
included. Here, as a salt moiety of the polyacrylate salt 
and the acrylate salt, an alkali metal salt such as a sodium 
salt, a potassium salt, an organic base salt such as an 
ammonium salt is included. In addition, in order to improve 
characteristics such as hydroph.ilic property, a polymer 
having a monomer unit such as acrylic acid or acrylate salt 
in the main chain thereof, and a copolymer with acrylamide, 
N-methyl pyrrolidone, 2-hydroxyethyl methacrylate or the like 
may be adopted. It should be noted that a cross-linked 
substance is preferable, and known cross-linking methods may 
be used in producing the cross-linked substance. For 
example, there are method for heating a copolymer with a 
cross-linkable monomer such as N-methylol acrylamide; or 
method for using a catalyst having oxidizing property such as 
potassium peroxosulf ate; or method for adding in 
polymerization, for example, N, N' -methylenebisacrylamide, 
ethylene glycol diacrylate or the like, as a cross-linking 
agent having two or more polymerizable unsaturated bonds. 

However, in usual, a method for polymerization by the 
addition of other copolymerizable monomer, if necessary, and 
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the above cross-linking agent, to an aqueous solution of 
acrylic acid and/or an acrylate salt is adopted, and a 
polymer obtained by this method solidifies to a block state 
in drying, therefore it is crushed, by using a crusher, to. a 
particle size suitable as a highly water-absorbing resin 
material. Those passing a 5 to 400 mesh in a Tyler screen 
are preferable, and those passing a 10 to 200 mesh are still 
more preferable. It should be noted that a polymer obtained 
by emulsion polymerization or suspension polymerization has a 
small spherical shape, therefore it may be used as it is, or 
it may be used by crushing further to finer size. 

Reason for adding water in the present invention is to 
make uniform cross-link depth, that is, depth of cross-linked 
portion, of the highly water-absorbing resin, from the 
particle surface, and preferable addition amount of water is 
1 to 50 parts by weight per 100 parts by weight of the 
polymer. It is because the amount less than 1 part by weight 
provides insufficient addition effect, while the amount over 
50 parts by weight makes progress of cross-linking deep 
inside the particles, which reduces water-absorbing amount, 
although provides high gel strength, and does not provide the 
highly water-absorbing resin satisfying both water-absorbing 
amount and gel strength, and in addition the more water 
amount requires the more time and heat quantity for drying, 
which is unsuitable as an industrial production method. 

As an ether compound to be used as a dispersing agent in 
the present invention, there is included a monoalkyl ether or 
a dialkyl ether such as diethylene glycol, propylene glycol, 
dipropylene glycol, tripropylene glycol, tetraethylene glycol 
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is exemplified, and specifically diethylene glycol methyl 
ether, diethylene glycol ethyl ether, diethylene glycol 
diethyl ether, diethylene glycol diethyl ether, diethylene 
glycol dibutyl ether, propylene glycol methyl ether, 
propylene glycol ethyl ether, dipropylene glycol methyl 
ether, dipropylene glycol ethyl ether, tripropylene glycol 
methyl ether and tetraethylene glycol dimethyl ether or the 
like. 

It should be noted that an alkyl ether of ethylene 
glycol has toxicity and thus not preferable. 

In the present invention, selection of such a specific 
ether compound is based on experimental results by the 
present inventors, and by reason that use of other 
hydrophilic organic solvents could generate easy undissolved 
lump of flour by aggregation , in cross-linking treatment, and 
makes difficult uniform cross-linking treatment. Preferable 
use amount thereof is 0.05 to 10 parts by weight per 100 
parts by weight of the polymer. The amount less than 0.05 
part by weight reduces addition effect due to generation of 
undissolved lump of flour in cross-linking treatment, on the 
other hand, the case where the amount is over 10 parts by 
weight incurs stickiness of powder and reduces fluidity, and 
thus deteriorates significantly handling performance. It 
should be noted that the use amount of this specific ether 
compound is desirably 2 to 50 parts by weight relative to 100 
parts by weight of water. This is because the amount less 
than 2 parts by weight cannot provide significant addition 
effect, while the amount over 50 parts by weight does not 
provide effect comparable to the increased addition. It 
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should be noted that preferable blending amount is 5 to 30 
parts by weight. 

As a cross-linking agent having two or more functional 
groups, which can be used in the present invention, any one 
may be used as long as it is one reactable with a carboxyl 
group and/or a carboxylate moiety contained in the water- 
absorbing polymer compound. As such a cross-linking agent, 
there is included, for example, an aldehyde compound (for 
example, glutaraldehyde, glyoxal or the like), an isocyanate 
(for example, 2,4-toiylene diisocyanate, hexamethylene 
diisocyanate or the like) , a halo-epoxy compound (for 
example, epichiorohydrin, epibromohydrin) , an epoxy compound 
(for example, ethylene glycol diglycidyl ether, diethylene 
glycol diglycidyl . ether, polyethylene glycol diglycidyl 
ether, propylene glycol diglycidyl ether, dipropylene glycol 
diglycidyl ether, polypropylene glycol diglycidyl ether, 
glycerin diglycidyl ether, polyglycerin polyglycidyl ether, 
pentaerythritol polyglycidyl ether, sorbitol polyglycidyl 
ether) and a polyvalent metallic compound. Among these 
cross-linking agents, aluminum hydroxide gel formed by a 
reaction of an epoxy compound and an aluminum salt and an 
"aluminate salt, or an aluminum salt and an alkali metal 
hydroxide (refer to JP-A-62-25072) is most preferable. 

The above cross-linking agent may be used in appropriate 
amount corresponding to required water-absorbing 
characteristics, gel strength or the like, however, it is 
general to be used in an amount of 0.001 to 10 parts by 
weight relative to 100 parts by weight of the water-absorbing 
polymer compound. The preferable use amount is 0.005 to 5 
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parts by weight. Here, reason for using the cross-linking 
agent in the amount of 0.001 to 10 parts by weight is that 
the amount less than 0.001 part by weight does not provide 
sufficient cross-linking effect, as well as makes uniform 
cross-linking treatment difficult, due to generation of 
undissolved lump of flour by aggregation of powdery water- 
absorbing resin in cross-linking treatment, while the amount 
over 10 parts by weight provides excessively high cross- 
linking density and decreases water-absorbing amount. 

In a production method for the highly water-absorbing 
resin relevant to the present invention, a powdery water- 
absorbing polymer compound is cross-linked with a cross- 
linking agent in the presence of the specific ether compound 
and water, and then dried. Specifically, various methods can 
be considered, • and there is exemplified a method for 
accommodating the water-absorbing polymer compound in a 
mixing machine, dropping or spraying, under stirring, a 
solution dissolved or dispersed with a dispersing agent and a 
cross-linking agent, sufficiently mixing for cross-linking 
treatment, and then drying with a drying machine. 

It should be noted that the above mixing machine is not 
especially limited in the present invention, and a commonly 
used mixing machine such as a NAUTA mixer, a ribbon blender, 
a conical blender, a Henschel mixer, a stone mill may be 
used. 

In addition, in drying carried out after the cross- 
linking treatment, a commonly used drying machine, for 
example, a hot air circulation drying machine, a reduced 
pressure drying machine or the like may be used. 
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In the above cross-linking treatment, cross-linking 
reaction temperature is not especially limited, and the 
reaction may be carried out at appropriate temperature 
depending on kind of the cross-linking agent, target water- 
absorbing characteristics and gel strength or the like. 

In addition, drying temperature is from room temperature 
to 150°C, preferably, 70 to 120°C. It should be noted that 
the cross-linking treatment and the drying treatment may be 
carried out at the same time. 

Still more, in order to improve fluidity in mixing, 
cross-linking characteristics or the like, calcium chloride, 
zinc nitrate etc. may be added. 
[EXAMPLES] 

Explanation will be given below on Examples and 
Comparative • Examples for a method of the present invention, 
however, it is natural that the present invention should not 
be limited to the following Examples. In the following 
description, % represents % by weight, and in addition, 
performance tests of the water-absorbing resin were carried 
out by the methods as described below: 

a) Measurement of water-absorbing amount 

X (g) of a sample was charged into a folded commercial 
coffee filter, which was immersed into a 0.9% aqueous 
solution of sodium chloride for 10 minutes, and then weight Y 
(g) , including the coffee filter, was measured. In addition, 
separately, weight Z (g) of the above coffee filter, after 
absorbing water of the 0.9% aqueous solution of sodium 
chloride, was measured. From these measurement values, X to 
Z, water-absorbing amount (times) was determined, based on 
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the following equation: 

Water-absorbing amount (times) = (Y-Z) /X 
b) Measurement of gel strength 

97.5 g of the 0.9% aqueous solution of sodium chloride 
was added into a 200-rtiL beaker, and under stirring with a 
magnetic stirrer, 2.5 g of the water-absorbing polymer 
compound was added to be subjected to gelling. The resulting 
gel' was stood still for 24 hours, and then firstly a JiS. 
specification steel ball having a diameter of 3/16 inch for a 
bail bearing, and then the similar steel balls having each 
diameter increasing by 1/.16 inch were sequentially loaded on 
the gel surface. This procedure was continued till any of 
the balls sank inside the gel. . However, after removing a 
certain steel ball which did not sink, the next steel ball. is 
loaded. In this way, gel strength was determined as maximal 
diameter of the steel ball which did not sink. 
(1) Preparation of a water-absorbing polymer compound under 
test 

An aqueous solution of an acrylate salt with a 
neutralization degree of 70% was prepared by mixing 75 parts 
by weight of 80% acrylic acid, 48.0 parts by weight of 48.6% 
sodium hydroxide, and 48.6 parts by weight of ion-exchanged 
water. 5 g of a 1% aqueous solution of N,N'- 

methylenebisacrylamide was added into 1028 g of this aqueous 
solution of the acrylate salt, and after nitrogen purging, 36 
g of a 2 % aqueous solution of peroxodisulf ate {K 2 S 2 08) , 21.6 
g of a 2 % aqueous solution of pyrosulfite (K2S2O5) , and 14.4 
g of a 40 % aqueous solution of glyoxal, diluted to 50 times 
with water, was added to prepare a mixed solution. Then, 
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this mixed solution was charged into a bat (inner surface is 
coated with Teflon coating) with a length of 48 cm and a 
width of 37 cm, and subjected to polymerization in a hot air 
circulation drying machine at 42°C for 20 minutes, to obtain 
water-containing gel with a thickness of 5 to 6 mm. The 
resulting water-containing gel was dried with a drum drier at 
a surface temperature of 130°C to obtain a flake-like resin, 
and classified after crushing this resin with a pin mill, to 
obtain a powdery water-absorbing polymer compound with 16 to 
200 mesh size. 

(2) Examples 1 to 5 and Comparative Examples 1 to 4 

The powdery water-absorbing polymer compound obtained 
in (1) was treated by using predetermined amount of treatment 
solutions having the composition shown in Table 1. That is, 
100 , g of the powdery water-absorbing polymer compound 
obtained by preparation of the above (1) was charged into a 
1-L compact-type stirring machine,, and 24.05 g of a 
treatment solution having different kind of a dispersion 
agent only, shown in Table 1, was dropped under stirring. 
.It is important that this dropping is carried out gradually, 
and the dropping time in the present embodiment was 1 minute. 
After completion of the dropping, stirring was continued for 
further 5 minutes, and presence or absence of undissolved 
lump of flour in cross-linking treatment was observed. 

(3) Examples 6 to 11 

The powdery water-absorbing polymer compound obtained in 
(1) was treated by using various cross-linking treatment 
solutions having different kind of a dispersing agent and 
blending ratio of water and the dispersing agent, as shown in 
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Table 2. That is, 100 g of the powdery water-absorbing 
polymer compound prepared in (1) was charged into a 1-L 
compact-type stirring machine, and a cross-linking treatment 
solution with composition thereof shown in Table 2, was 
dropped under stirring. It is important that this dropping 
is also carried out gradually, similarly as in the case of 

(2) , and the dropping time in the present embodiment was 1 
minute. After completion of the dropping, stirring was 
continued for further 5 minutes, and the resulting resin was 
dried with a drying machine at a temperature of 140°C till 
water content . became about 7%. Water-absorbing amount 

(times) and gel strength (inch) were measured on each sample 
as the highly water-absorbing resin obtained by the above 
treatment . 

(4) Example 12' 

In a similar manner as in Examples 6 to 11, except that 
a cross-linking treatment solution shown in Table 3 was used, 
as the cross-linking treatment solution, the powdery water- 
absorbing resin obtained in (1) was treated, and water- 
absorbing amount (times) and gel strength (inch) thereof were 
measured. 



Table 1 



System 


A (parts by weight) 


Treatment 
result 


Water 


EGDGE 


& 


Example 1 


20 


0.05 


DEGEE 4 


Good 


Example 2 


20 


0.05 


DEGME 4 


Good 


Example 3 


20 


0,05 


DEGBE 4 


Good 


Example 4 


20 


0.05 


PGME 4 


Good 


Example 5 


20 


0.05 


TPGME 4 


Good 


C. Exam. 1 


20 


0.05 


MeOH 4 


Rl 


C. Exam. 2 


20 


0.05 


Acetone 4 


R2 
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C. Exam- 3 


20 


0 


05 


PG 4 


R2 


C. Exam . 4 


20 


0 


05 


Glycerine 4 


R3 



C. Exam. : Comparative Example 

A: Use amount relative to 100 parts by weight of a water- 
absorbing polymer compound 
EGDGE: Ethylene glycol diglycidyl ether 
B: Kind and use amount of a dispersion agent 
DEGEE: Diethylene glycol ethyl ether 
DEGME: Diethylene glycol methyl ether 
DEGBE: Diethylene glycol buthyl ether 

PGME: Propylene glycol methyl ether 
TPGME: Tripropylene glycol methyl ether 
MepH: Methanol 
PG: Propylene glycol 

Rl: Generation of one undissolved lump of flour in the midst 
of dropping, resulting in stirring impossible. 

R2: Generation of undissolved lump of ' flour with a particle 
size of about 1 to 2 mm. 

R3: Generation of undissolved lump of flour with a particle 
size of about 5 mm, as a whole, by adhesion of each of 
agglomerated particles. 
Table 2 





A (parts by weight) 




Gel strength 
(inch) 


System 


Water 


EGDGE 


B 


C (times) 


Example 6 


35 


0.1 


DEGME 


7 


49 


16/16 


Example 7 


10 


0.1 


DEGME 


2 


55 


20/16 


Example 8 


2 


0.1 


DEGME 0 


.4 


60 


14/16 


Example 9 


10 


0.1 


DEGEE 


2 


59 


12/16 


Example 10 


10 


0.1 


PGME 


2 


57 


18/16 


Example 11 


10 


0.1 


TPGME 


2 


55 


12/16 
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A: Use amount, based on 100 parts by weight of a water- 
absorbing polymer compound 
EGDGE: Ethylene glycol diglycidyl ether 
B: Kind and use amount of a dispersion agent 
DEGME: Diethylene glycol methyl ether 
DEGEE: Diethylene glycol ethyl ether 
PGME: Propylene glycol methyl ether 
TPGME: Tripropylene glycol methyl ether \ 
C: Water-absorbing amount after 10 minutes 
Table 3 









Gel 


System 


A (% by weight) 


C (times) 


strength 
(inch) 




Water 40 






Example 12 


DEGEE . 4 


51 


•16/16 


A1C13-6H20 16 




20% NaOH aq. Solution 40 







A: Composition of the cross-linking treatment solution 
C: Water-absorbing amount after 10 minutes 
DEGEE: Diethylene glycol ethyl ether 

(Note) In Example 12, 33 parts by weight of the cross- 
linking treatment solution with the above composition was 
used relative to 100 parts by weight of the water-absorbing 
polymer compound. 

As shown in Table 1, the cases where a cross-linking 
treatment solution containing a specific ether compound as a 
dispersion agent (Examples 1 to 5) were able to attain 
uniform cross-linking treatment of sample polymer compounds, 
without generation of the undissolved lump of flour. On the 
other hand, the cases where methanol, acetone, propylene 
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glycol or glycerine was used as a dispersion agent 
(Comparative Examples 1 to 4 ) generated the undissolved lump 
of flour. In particular , in Comparative Example 1, where 
methanol was used as a dispersion agent, significant 
undissolved lump of flour and adhesion was generated in such 
a way that stirring was not possible. In addition, as shown 
in Table 2 and Table 3, in any of the cases, where the cross- 
linking treatment Was carried ' out by using various ■ specif ic 
ether compounds and also by changing blending thereof in 
various ways (Examples 6 to 12) , water-absorbing amount was 
high and gel strength was high. 
[ADVANTAGES OF THE INVENTION] 

As explained above, in the production method for the 
highly water-absorbing resin . relevant to the present 
invention, because the cross-linking treatment of the powdery 
water-absorbing polymer compound having a carboxyl group 
and/or a carboxylate moiety is carried out in the presence of 
the specific ether compound and water together, the water- 
absorbing polymer compound does not generate the undissolved 
lump of flour in the treatment, and the uniform cross-linking 
treatment is possible, as well as the highly water-absorbing 
resin having excellent water-absorbing performance can be 
produced. That is, the highly water-absorbing resin obtained 
by the method according to the present invention, for 
example, exhibits high water-absorbing rate to not only water 
but also a solution containing salts, for example, urine, 
blood and the like, as well as capable of absorbing them 
rapidly. In addition, because of high gel strength after 
absorbing water, it has excellent water-holding performance, 
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that is capable of retaining water in a stable shape. Still 
more, because of no generation of what is called the 
undissolved lump of flour phenomenon in absorbing water, 
water-absorbing rate is high. In addition, still more, even 
in the case of the water-absorbing polymer compound having 
insufficient characteristics such as gel strength, by 
uniformly cross-linking using the production method relevant 
to the present invention, a water-absorbing resin with high 
gel strength can be produced. 

In addition, according to the method of the present 
invention, the water-absorbing resin excellent * in water- 
absorbing performance can be produced efficiently and in low 
cost. That is, because of not using a large quantity of an 
organic solvent such as alcohol, in cross-linking treatment 
step , a recovery step of the solvent or the like is not 
necessary, which makes possible to not only enhance 
productivity but also attain uniform cross-linking treatment 
without generation of the undissolved lump of flour in the 
cross-linking treatment step, therefore reduction of 
production cost can be attained, as well as simple and safe 
production becomes possible. 

As described above, the present invention exerts 
various excellent and unique' effects . 
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